Embedding these grains in Canada-balsam, and examining them by transmitted light, with the aid of the polariscope, we are enabled to study their mineral characters with facility. The majority of the grains consist of colourless quartz, though occasionally rose-quartz, amethystine quartz, citrine, and smoky quartz also occur. This quartz exhibits unmistakable evidence of having been derived from granitic rocks; it is constantly seen to be traversed by bands of liquid-and gas-cavities, and very frequently contains numerous black, hair-like inclusions (rutile ?). Much more rarely we detect grains of quartz which consist of aggregates of small crystals, and are evidently derived from metamorphic rocks. With the pure quartz-grains we find also a considerable number of rounded particles of red and brown jasper and of black Lydian stone, with some fragments of silicified wood.
But in addition to the different varieties of quartz, particles of felspar are sometimes found among these large, rounded grains. What is very remarkable about these felspar-grains is the slight traces of kaolinization which they exhibit; they are in fact almost as fresh and unaltered as the grains of quartz themselves. Ordinary orthoclase and microcline are most frequent, while plagioclase felspar is comparatively rare. With the rounded grains of quartz and felspar, a few examples of hornblende and other minerals, including jade, also occur.
But far greater is the number of mineral species, especially the most easily cleavable ones, which are represented in the smaller, subangular and angular, sand-grains. In addition to the minerals already mentioned, I have recognised several varieties of mica, augite, enstatite ?, tourmaline, sphene, iolite (cordierite) zircon, fluorspar, and magnetite, all in a nearly unaltered condition.
The only fossils found in these sands were evidently derived ones ; they include the fragments of silicified wood already mentioned, and a waterworn nucleus of an Ammonites (Jurassic?). It is evident that these sand-grains have been formed by the breaking up of granitic and metamorphic rocks, or of older sandstones derived directly from such rocks. The larger grains exhibit the perfect rounding and polishing now recognised as characteristic of iEolian action ;* the smaller ones from their larger surfaces in proportion to their weight have undergone far less attrition in their passage through the a ir; but it is fair to conclude that the sands are really " desert-sand," derived from the vast tracts which lie on either side of the Nile-Valley, and swept into it by the action of the wind.
The mud is a material of which it is much, more difficult to study the mineral characters than the sand, owing to the extreme minute ness of its particles. It is a very striking fact, however, that kaolin, which constitutes the predominant constituent of clays, appears to be almost altogether absent from these Nile-muds. Chips and flakes of quartz, felspar, mica, hornblende, and other minerals can be readily recognised ; and it is often evident that the unaltered particles of such minerals make up the greater part, if not the whole mass, of the fine grained deposits. The mineral particles are of course mingled with a larger or smaller proportion of organic particles. Frustules of Diatomacece occur in these muds, as was pointed out by Ehrenberg, but unless special precautions were observed in collecting the samples it would be unsafe to draw any deductions from their presence.
In the case of the Tantah boring we find another kind of material besides the sand and mud. Almost all the samples from this boring contain angular fragments of an apparently tufaceous limestone. In addition to this we find minute sand-grains cemented by .calcareous matter into small pellets of various sizes, and the particles of mud united in the same way are thus converted into argillo-calcareous concretions. In a sample taken from a depth of 70 feet in the Tantah boring, a number of irregular masses of this argillaceous limestone occurred; some of these were nearly 1 inch in diameter., and were at first supposed to be pebbles. On examination they were found to 
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There can be no doubt that sources of (this calcic carbonate must exist near Tantah, probably in the form of calcareous springs.
The striking peculiarities of these sands and muds of the Nile Valley appear to be capable of a simple explanation. In countries where rain falls frequently and vegetation abounds, water charged with carbonic acid is constantly penetrating into the rocks and breaking up the compound silicates of which they are composed; the silicates of the alkalies and the alkaline earths being decomposed and their con stituents removed in solution, while the silicate of alumina becomes hydrated and is carried away in suspension by water in the form of kaolin. In this way the felspars and nearly all other compound silicates are affected to such an extent that in most granitic and metamorphic rocks they show evidence of extensive " kaolinization," while the clays derived from them are made up for the most part of the crystalline plates of kaolin. But in dry and barren tracts, like portions of Northern Africa, none of these agencies will operate, and the disintegration of the solid rocks is effected by mechanical means ; the most potent of these mechanical agents of disintegration are the heat of the sun, causing the unequal expansion of the minerals which build up the rocks, the force of the wind, producing constant attrition of the disjoined particles, and torrential rains.
This being the case, it will be readily understood that the sandgrains will include felspar and other minerals in a nearly unaltered condition, while in countries where the chemical agents of the atmo sphere come into play such particles would be more or less com pletely converted into kaolin. In the same way, the mud, instead of consisting of scales of kaolin originating from chemical action, will be formed of particles of the chemically unaltered minerals reduced to the finest dust by purely mechanical agencies.
The chemical analyses which have been made of these Nile-mnds tend to support these conclusions. Instead of containing large quantities of combined water, as do all the ordinary clays, their composition is that of a mixture of anhydrous minerals. As the analyses hitherto made have none of them been undertaken with the object of estimating the exact proportions of hygroscopic and com bined water in these muds, it would be well if some more careful determination of these two constituents could be made.
But there is fortunately a kind of evidence, derived from chemical analysis, which is of the greatest value from its bearing on the questions we .are now discussing-that, namely, which is obtained from a study of the composition of the Nile-waters.
It must be remembered that the Nile is a river of a very peculiar and exceptional character. The last tributary which it receives is the Atbara, which falls into it in lat. 17° 38' N .; from that point to its mouth, in 31° 25' N. lat., the river does not receive a single affluent; for a distance of 1400 miles, indeed, it obtains no fresh supply of water except what is brought to it by superficial torrents after heavy rains in Lower Egypt. It has been clearly demonstrated that, after receiving the Atbara, the Nile undergoes a continual diminution in volume in its course through Egypt. This is no doubt in part due to percolation of the water through the delta-deposits, and in part to the water being drawn off in canals for purposes of irrigation ; but a large part of this diminution in volume must certainly be ascribed to the great evaporation which must be going on from the surface of the river during the last 1400 miles of its course.
The diminution which takes place in the volume of the Nile in its downward course is illustrated by the following estimates:-The French engineers in 1799 showed that at Siut, 240 miles above Cairo, the quantity of water passing down the river per second amounted to 678 cubic metres at low water, and 10,247 cubic metres during high water.
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But at Cairo, according to M. Linant de Bellefonds (Linant Bey), the flow per second amounts only to 414 cubic metres at low water, and 9440 cubic metres at high water.
If these numbers can be relied upon, the Nile in this part of its course loses nearly 40 per cent, of its water in a distance of 240 miles when it is low, and nearly 8 per cent, when it is in flood ! M. Talabot has calculated that only 90,000 millions of cubic metres of water are discharged per annum from the principal mouth of the Nile, which gives an average discharge of 2680 cubic metres per second ; while M. Girard estimates that only a comparatively small quantity escapes by the Rosetta and Damietta mouths.
Although we shall not be able to calculate the exact loss of the Nile by evaporation in the course of 1400 miles, through one of the hottest and driest regions of the globe, yet we cannot doubt that this loss is enormous. Now the effect of this constant evaporation must be to concentrate the saline matters held in solution, and we might therefore anticipate that the waters of the Nile in Lower Egypt would contain an exceptionally high percentage of saline matters in solu tion.
But what are the actual facts of the case ? Dr. C. Meymott Tidy has recently made a series of analyses of the Nile-water taken at Cairo during each month of the year, and the results which he has obtained are of the greatest interest to geologists. These analyses enable us to make the following com parisons, which we have arranged in tabular form*:-• The examination of this table shows that the waters of the Nile, judged either by the proportion of solids in solution, the percentage of lime, or by the temporary and permanent hardness, exhibits some very remarkable anomalies. That the variation in the quantities of dissolved salts at different seasons of the year should he much greater than in the case of any of the other rivers, is not surprising when we bear in mind the great and rapid additions to the volume of the river during seasons of flood. But it is startling to find that the water of the Nile, instead of containing a much larger proportion of saline matter than other rivers-as we might anticipate from the enormous evaporation constantly going on from its surface in reality contains far less dissolved matter than any of the other rivers here compared with it. This contrast is scarcely less striking in the case of the comparison with the Severn and the Shannon, which flow over Palaeozoic rocks, than in that of the Thames and the Lea, which drain areas occupied by Mesozoic deposits.
A. little consideration will show, however, that this startling and seemingly anomalous result is capable of a very simple explanation. The substances dissolved in the water of rivers is of course derived from the materials composing the rocks of the river-basin, through the action of water holding carbonic acid or other acids in solution. In this kind of action, rain which takes up the gases contained in the atmosphere, and then percolates into the interstices of rocks, plays a most important part. Rain is, in fact, the great agent of chemical disintegration, and where rain falls the complex silicates composing the hardest rocks are attacked, the silicates of potash, soda, lime, magnesia, and iron being broken up and carried away in solution, while the silicate of alumina takes its hydrated form of kaolin, and remains behind or is removed in suspension.
But in districts where there is little or no vegetation and the rainfall is sudden and torrential, this chemical disintegration, as has been already pointed out, is replaced by totally different kinds of action. Under the influence of variations of temperature, having an enormous range, the rocks made up of crystals having different coefficients of expansion, in different minerals and indeed in different directions in the same crystal, undergo mechanical disintegration, and the fragments thus formed are driven backwards and forwards by wind, being thereby subjected to constant attrition. Of this latter kind of action, as we have seen, all the larger particles in the Nile Delta deposits exhibit the most unmistakable evidence.
Hence we are led by an examination of the composition of the Nile-water to the same conclusion as was reached by the study of microscopical characters of the muds and sands of the delta, that while in the rainy districts of the temperate zones, the disintegration of rocks is mainly effected by chemical agencies, in the desert areas
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of the tropics the same work is almost exclusively effected by mechanical forces. The products of these two kinds of action are, however, essentially different. In the former case we have produced crystals of kaolin, which form the basis of all the true clays, a large quantity of lime-, magnesia-, iron-, soda-, and potash-salts with silica passing into solu tion ; while, in the latter case, the several minerals of the rock are simply reduced to fragments of varying size and form.
All the observations described in the present report are in entire harmony with this explanation. The comparatively unaltered con dition of the felspars and other complex silicates in the sands; the absence of kaolin from the muds, and the presence of the chips and flakes of the unattacked minerals in the muds, and finally the small quantity of dissolved matter in the Nile-water, in spite of the enormous concentration it must have undergone by evaporation-all point to this same conclusion.
In the estimates which have been made of the rate of subaerial denudation in different parts of the globe, it has usually been assumed that this action is similar to what is seen taking place in Europe and in North America. But the observations detailed in this report prove that in tropical districts, where little or no vegetation exists, and the rainfall is sudden and torrential, the disintegration of rocks, though not, perhaps, less rapid than in temperate climes, is different alike in its origin and in its products.
It has often been pointed out by chemical geologists, that metamorphic action could not have produced many of the schists and gneisses from sedimentary rocks, for the former are rich in potash, soda, and other materials which have been dissolved out from the latter during the disintegration of the rock-masses from which they were derived. The recognition of a kind of action whereby great masses of sedi mentary materials can be produced, rich in those substances which are usually removed in a state of solution, is not destitute of interest at the present time, when the question of the origin of the crystalline schists and gneisses is one that presses for solution.
Appendix.

Examination of the Samples obtained during the Recent Borings in
Egypt. Portions of the several samples, varying in weight from 8 to 18 grams, were dried at 110° C., and then weighed. These portions were, by careful levigation, separated into mud and sand, which being dried at 110° C. and weighed, afforded the necessary data for calcu lating the percentage composition of each sample.
One specimen of each sample of sand thus obtained was mounted dry for study by reflected light; a second specimen from each was mounted in Canada-balsam, so as to allow of the internal structure and optical properties of the sand-grains being studied. The fine particles composing the several samples of mud were so mounted as to be capable of examination by transmitted light, with the highest powers of the microscope.
The results obtained in the case of each sample were as follows :- $an d . -Dark coloured ; includes fragments of red brick, green glass, straw, rootlets, and other vegetable matters. Rounded grains of white quartz, evidently derived from granitic rocks, with a few of jasper and rose-quartz; angular or subangular grains of quartz, hornblende, &c., with many of fine-grained, impure sandstone.
Mud.-Much vegetable matter, with frustules of diatoms. Minute chips and flakes of quartz and other minerals, with plates of biotite. S a n d , composed of about equal portions of well-rounded and angu lar or subangular grains. It is of a white or slightly yellowish tint. The rounded grains consist of white (granitic) quartz, rose-quartz, and red, brown, and black jasper; with pebbles of slightly kaolinised orthoclase felspar. The angular and subangular grains consist of quartz, felspar, hornblende, sphene, and magnetite.
Mud.-Appears to be largely made up of chips and flakes of the above minerals with biotite.
Sand.-Mostly angular or subangular. Only a few well-rounded grains. Consists of quartz (granitic), with, a few particles derived from metamorphic rocks. Microcline and orthoclase, but only very slightly kaolinised; plagioclase-felspar, hornblende, augite (?), sphene (P), magnetite; with red, brown, and black jasper.
Mud.-As in last. Sand.-Consists of about equal proportions of rounded and of angular or subangular grains. The materials are quartz, with fine inclusions of rutile, apatite (?), &c., with bands of liquid and gas cavities, microcline and orthoclase (slightly kaolinised), plagioclasefelspar, hornblende, red, brown, and black jasper, glauconite (?) grains.
Mud.-As in last.
[Nov. 19, S ample 6 . Depth, 45 ft. Sandy loam. Consists of 68*72 per cent, sand, 31*28 per cent, mud.
Sand.-The angular and subangular particles preponderate over the rounded ones. The minerals represented are quartz (granitic), with hair-like inclusions (rutile), quartz of metamorphic origin, microcline and orthoclase (slightly kaolinised), plagioclase-felspar, hornblende, and biotite. Also red, black, brown, and green jasper.
II. Boring at Kafr-ez-Zayat.
S ample 1. Depth, 3 ft. Mould of yellowish-brown colour. Consists of 2*35 per cent, sand, and 97*65 mud.
Sand.-Mostly angular or subangular, but a few well-rounded grains present. Consists of grains of quartz (granitic), with many acicular crystals inclosed, and bands of cavities. Fragments of hornblende abound.
Orthoclase and a little plagioclase-felspar, jasper, and small calcareous concretions. Vegetable matter.
Mud.-Contains much organic matter. Frustules of diatoms. , gaud._For the most part made up of large, well-rounded grains, nearly all of which are colourless quartz (granitic), with a few of iasper and felspar (including orthoclase, microcline, and plagioclase). Also a few calcareous concretions. The smaller sand grains are some times angular, and sometimes subangular; they consist of the usual minerals, including both hornblende and mica.
Mud.-Consists almost entirely of inorganic particles.
Sample 5. Depth, 26 ft. Very coarse, nearly white sand. Consists of 90-19 per cent, sand, 9"81 per cent. mud.
S a n d _The coarser grains are nearly all well-rounded, and are, m fact, converted into beautiful pebbles. These larger grains are usually quartz (granitic), but well-rounded fragments of hornblende and felspar also occur, with red, yellow, and brown jasper by no means rarely. The smaller grains, which are usually angular or sub angular, include a greater variety of materials.
Mud.-Composed almost wholly of mineral particles.
S ample 6. Depth, 35 ft. Sand similar to last, but finer grained. Consists of 86*42 per cent, sand, 13*58 per cent. mud.
Sand.-The coarser particles usually well-rounded and composed ot quartz (granitic), with numerous and large liquid inclusions, with a little felspar and hornblende. There occurred in this sample a calcareous fragment which appeared to be the nucleus of an Ammonites (Jurassic ?). The finer sand, which is angular or subangular, consists of the usual minerals, the quartz of metamorphic rocks being commoner than is usually the case.
Mud.-Of usual character. Sand.-Fine grained, and' composed in great part of calcareous concretions of the muddy particles. Most of the other grains are angular, and consist of the usual minerals-; well-rounded quartz grains are very rare in this sample.
Mud.-Consisting of coarser particles than usual, is seen to be made up of quartz, felspar, hornblende*, and mica fragments, and kaolin particles are rare. Sand.-Mostly fine grained, and the particles generally angular. A few well-rounded quartz-particles ;• plagioclase and orthoclase felspar, hornblende, &c., also occur. Several angular and subangular fragments of a clear glass exhibiting strain-phenomena by polarised light -probably of artificial origin.
Mud-Almost wholly composed of very fine-grained, inorganic particles.
S ample 12. Depth, 75 ft. Lighter coloured, sandy clay. Consists of 66-38 per cent, sand, and 36'62 per cent. mud.
Sand-Of very different degrees of fineness, the coarser grains being nearly all well rounded. The usual minerals are seen, including very fine microcline and large pieces of muscovite.
Mud. -Consists of inorganic particles, none very fine. Quartz, felspar, and hornblende can be recognised among the larger ones.
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III. Boring at Tantah. Sand.-Generally angular or subangular, with some rounded grains. Many fragments of brick, and some splinters of green glass. Many calcareous concretions. Much carbonaceous matter.
Mud.-Consists principally of organic matter, with some mineral fragments.
S ample 2. Depth, 8 ft. 6 in. Hard brown clay. Consists of 7*27 per cent, sand, and 92-73 per cent. mud.
Sand.-Contains both coarse, rounded grains and finer, angular or subangular ones. Quartz, hornblende, and the other minerals usually present are represented. Pale coloured granular calcareous particles. Dark coloured argillo-calcareous particles (like those represented on a large scale at greater depths).
Mud.-Generally very fine grained, with some organic particles.
S ample 3. Depth, 18 ft. Hard brownish clay. Consists of 8" 78 per cent, sand, and 9122 per cent. mud.
Sand.-Made up of granular calcareous particles, with only a few grains of sand, rounded or angular, consisting of quartz and the usual minerals. One fragment of red brick, and a number of particles of black slag, full of bubbles (resembling slag of Roman iron-furnaces).
Mud.-Contains some coarse particles of different minerals.
